Introduction
[2] Future global warming will trigger significant changes in surface temperature and the hydrological cycle, with both combined leading to uncertain societal and environmental consequences. For the Indian Ocean and the adjacent continents the IPCC's latest AR4 projections show a large spread [Annamalai et al., 2007] . Precipitation over the oceans has a complex spatial structure and often differs from trends in underlying sea surface temperature (SST) [Kumar et al., 2004] . Over the western Indian Ocean, instrumental data is too sparse to investigate the rainfall/ temperature response over the ocean on interannual to multidecadal time scales [Annamalai et al., 1999; Deser et al., 2004] . Satellite-borne rainfall measurements, which provide high spatial coverage over the oceans, are not available before 1979, a period too short to reduce the uncertainty in the trend estimates.
[3] However, the stability of the ocean-atmosphere coupling in a changing climate is important for future climate projections. Long proxy records with sufficient temporal resolution are the only alternative to assess the stability of such connections.
[4] The close link between SST and the El Niño-Southern Oscillation (ENSO) in the western Indian Ocean north of 10°S is confirmed by a number of coral records [Charles et al., 1997; Cole et al., 2000; Timm et al., 2005; Zinke et al., 2005; Pfeiffer et al., 2006] , while the response of the hydrological cycle is not well understood. Pfeiffer et al. [2006] find positive rainfall excursions during El Nino years north of 10°S. Rainfall data from southern Africa, however, suggests that El Niño events may lead to pronounced droughts south of 10°S [Richard et al., 2000] .
[ O seawater and salinity measurements, rainfall and precipitation-evaporation data) collected at and around Mayotte to demonstrate that our coral proxy data can expand the current understanding of the hydrological cycle.
Climatic Setting of the Study Area
[6] Air Temperature (AT) and rainfall for Mayotte are available between 1949 to present and 1933 to present, respectively (NOAA GHCN monthly Weather Station at Pamandzi/Dzaoudzi, 12.80°S, 45.28°E). An inferred local SST record (hereafter SSTi) back until 1949 is derived from linear regression of in-situ lagoonal SST with local air temperature for the calibration period 1999 -2002 (equation: SST = 0.8535*AT + 4.7733; r 2 = 0.85). Regional precipitation minus evaporation (P-E) and outgoing longwave radiation (OLR) data are taken from NCEP/NCAR reanalysis [Kalnay et al., 1996] averaged over 10-15°S, 40-45°E. Monthly gridded sea level pressure (SLP) data are taken from the Met Office of the Hadley Centre of the UK [Allan and Ansell, 2007] .
[7] SST and rainfall show an unimodal distribution with highest temperatures and rainfall between December to April ( Figure S1 ). We investigated the relationship between (Table S1 ).
Local Hydrology and Seawater Oxygen Isotopic Variations
[8] In the Mayotte region d
18
O seawater is modified by (i) rainout of isotopically depleted rainfall from warm air masses over deep convective regions (the so-called amount effect [Dansgaard, 1964] ) during the intense rainy season, (ii) isotopic fractionation during evaporation and (iii) freshwater surface runoff.
[9] A detailed hydrological study at Mayotte for 1993 (dry year) versus 1994 (normal year) revealed that evaporation contributed 45-60% to the annual freshwater balance and was 15% higher under drier conditions in 1993 ( Figure S3 ) [see also Lapègue, 1999] . For the given example years, evaporation contributes significantly to d
18 O seawater . The NCEP/ NCAR reanalysis data for Mayotte further indicates that evaporation intra/interannual variability is of the same order as the precipitation variability. [11] Bimonthly coral Sr/Ca ratios primarily reflect SST; linear regression yields a slope value of À0.058 mmol/mol per 1°C in agreement with published relationships [Corrége, 2006] . Mean annual Sr/Ca ratios show a statistically signif- O sw ) with outgoing longwave radiation (OLR) [Kalnay et al., 1996] for the period 1958 to 1993 and (e) same as in Figure 1d but for local sea surface temperatures. Correlation coefficients are indicated. Correlations are significant at the 5% level.
icant correlation of r = À0.47 (p < 0.003) with SSTi for the period 1950 -1994 . To assess the uncertainty of the SST datasets, we correlated SSTi with various SST products (ERSST, HADISST, COADS) for the grid cell including Mayotte (annual means): r ranges between 0.5-0.6. This gives us a crude estimate of the uncertainty of the SST data: approximately 70% of the SST variability is not reproducible and may reflect noise (local climatic effects, measurement errors etc.). Given these uncertainties of SSTi (and other SST products), the correlation between SSTi and coral Sr/Ca on annual mean scales indicates that Sr/Ca is a useful temperature proxy ( Figure S4 ).
[ (Figures 3a and 3b) .
Reconstructed d
18 O seawater shows pronounced decadal and interannual variability but no long-term trend (Figure 3c ). Spectral analysis reveals periodicities ranging between 5-6 years and 18-25 years ( Figure S6 ). Linear regression analysis of DJFM and mean annual values (Figure 1d ) reveals that d
18
O seawater shows a positive (negative) correlation with OLR (rainfall and P-E; Figure S5 ). For the peak rainfall season our reconstruction varies coherently with the local rainfall record between 1933 and 1993 (Figure 3d ). This provides confidence that our reconstruction is robust on long time scales.
[16] The temporal changes in P-E and OLR are anticorrelated with the underlying SST (Figures 1e and S5) , i.e., cooler mean SSTs are associated with higher rainfall. This is particularly clear in the 1960 -1980 interval, where cooler mean SSTs are accompanied by positive (negative) P-E (OLR) anomalies (Figure 2) .
[17] Consistent with this, coral Sr/Ca tends to be anticorrelated with d
O seawater indicating that periods of higher SST are associated with a negative freshwater balance (Figures 3a and 3c ). This is particularly clear during the early phase of the pronounced wet spell that occurred between the 1960s and 1970s (Figure 2 ; note that the magnitude of these excursions is larger than our error estimates). Between 1961 and 1974, mean SSTs during the rainy season (NDJF) were only 27.72°C (compared to [Kalnay et al., 1996] . The 1-sigma errors for d
18 O seawater based on the analytical error (0.037%) and the Sr/Ca-SST mean annual regression (r = À0.47; 0.13%) are indicated in Figure 2b . SST, OLR and P-E time series were normalized.
28. 16°C between 1951-1961, and 28.06°C between 1975 and 1998) . Assuming a local thermodynamic relationship between SST and atmospheric convection over Mayotte, we would expect mean SSTs > 28°C to be associated with increased convection and a more positive freshwater balance , and references therein]. However, the reverse is the case. This implies that remotely forced, large-scale atmospheric variability influences the hydrological balance at Mayotte (see 4.3.).
Large-Scale Climate Teleconnections of d

O seawater
[18] The instrumental SST and Sr/Ca records of Mayotte are strongly related to ENSO ( Figure S7 ). Here, we use our d
18 O seawater reconstruction as a proxy for changes in the hydrological balance to test for ENSO influences (Table S1 and Figure S2 ). Correlation maps of seasonal and mean annual values for the period 1950 to 1993 between d
18
O seawater and global SLP show similar, but weaker correlation patterns as with regional-scale rainfall data from the western Indian Ocean south of 10°S (Figures 1a, 1b , and S2) resembling the ENSO SLP pattern. We observe an enrichment of d 18 O seawater in response to ENSO warm events on both seasonal and mean annual scales ( Figure S7 ). This is in contrast to the findings from central Indian Ocean corals (Chagos Archipelago) where d
18 O indicates a positive freshwater balance in response to ENSO warm events over the last 30 years [Pfeiffer et al., 2006] . However, our results agree with earlier studies, in which the western Indian Ocean south of 10°S shows an opposite ENSO response compared to the equatorial Indian Ocean/East Africa [Hastenrath et al., 1993; Richard et al., 2000; Zinke et al., 2004] . The western pole of maximum rainfall anomalies during warm ENSO events is located between 10°S-10°N, 50-70°E which would favor moisture convergence equatorwards of 10°S and a possibly dryer atmosphere to the south [Neelin et al., 2003] . The correlation with the Nino3.4 Index is significantly higher in the period 1975 -1994 (r = 0.61, p < 0.006) than between 1951-1974 (r = 0.29, p < 0.19; Figure S7 ). This is consistent with results from the Chagos Archipelago where the ENSO correlation increased after 1975 [Pfeiffer et al., 2006] . However, the El Nino response at Mayotte (drier) and Chagos (wetter) oppose each other. This agrees with the expected rainfall pattern across the Indian Ocean from remote ENSO forcing. Our findings add to the growing evidence of a strengthening of the ENSO signal in Indian Ocean rainfall since 1975 [Richard et al., 2000; Pfeiffer et al., 2006; Zubair and Ropelewski, 2006] .
[19] The correlation map also indicates high correlations of the instrumental and d
O seawater record with the extratropical North and South Pacific SST and SLP resembling the Pacific Decadal Oscillation (PDO) pattern (Figures 1a, 1b, and S2) . The PDO is the dominant mode of interdecadal variability in Indo-Pacific SST/SLP [Deser et al., 2004, and references therein] . Mayotte is located in the region of most significant correlations with the PDO [Deser et al., 2004; Crueger et al., 2008] . Linear least squares regression indicates a strong relationship between our d
18 O seawater record and the PDO between 1950 -1994 on mean annual and seasonal time scales (r = 0.6, p < 0.003: Figure S8 ). The observed periodicity in the d
O seawater record ranges between 18-25 years, adding further evidence for an atmospheric bridge between the North Pacific and the Indian Ocean. 
Conclusions
